THE PREDICTIVE ABILITY OF RELATIVE EFFICIENCY FOR FUTURE EARNINGS: AN APPLICATION USING DATA ENVELOPMENT ANALYSIS TO SPANISH SMEs

1.INTRODUCTION
Research on the time-series properties of earnings has documented that the transitory component of current earnings makes this number, when used by itself, a noisy predictor of future earnings (e.g., Brooks and Buckmaster, 1976; Beaver and Morse, 1978) . This transitory component of earnings is due to temporary economic shocks that do no persist over time. The implication of this finding is that a measure that better captures the underlying persistent component of earnings may prove very useful in predicting future earnings when used along with current earnings. As pointed out by Lee (1999: 418) Our study, based on a large sample of 1939 Spanish small and medium enterprises (hereafter SMEs), is aimed at investigating whether an alternative measure of performance ignored in previous research on earnings forecasting -i.e., relative efficiency-is useful for predicting future earnings over and above current earnings and book value of equity. Relative efficiency captures the inherent ability of a firm -as compared to the other firms under analysis-to generate the maximum level of outputs given a certain level of inputs. In this paper we use a non-parametric technique based on linear programming referred to as Data Envelopment Analysis (DEA) in order to provide a numerical measure of the relative efficiency of business units in using available inputs to generate the maximum level of outputs. This technique has the advantage over other methodologies (such as the stochastic frontier analysis -SFA-) of avoiding the use of any a priori assumptions about the functional form of the production function.
Our findings highlight that our efficiency measure has an incremental predictive ability over and above current earnings and book value of equity for predicting future earnings. Moreover, we have further validated the models in a holdout sample and our results evidence the highest forecast accuracy of the model that includes our DEA-based efficiency measure as an additional predictor to current earnings and book value of equity.
The rest of the paper is structured as follows. In the next section we discuss the DEA methodology used in our empirical analysis to measure relative efficiency. In Section 3 we present the research design, including the methodology, variables, hypotheses and a description of the F o r P e e r R e v i e w 2 sample. In section 4 we present the results from the empirical analysis. Finally, we summarise the main conclusions of our study.
EFFICIENCY MEASURE: DATA ENVELOPMENT ANALYSIS
Data Envelopment Analysis (DEA) is a non-parametric technique developed by Charnes et al. (1978) that using linear programming determines the relative efficiency of decision making units (DMUs) in the use of single or multiple inputs for the production of single or multiple outputs 1 . The advantage of this technique is that there is no need to make any a priori assumptions about the functional form of the production function. Instead, an empirical production function, in the form of a piece-wise linear frontier, is fitted to the observed data based on the amounts of outputs and inputs of the business units under analysis so that the relative efficiency is assessed against the benchmark of the so-called "best-practice frontier". Those DMUs placed on the frontier are deemed to be efficient while those DMUs situated below the frontier are regarded as inefficient 2 .
Assuming that there are n DMUs that use a vector of m inputs to produce a vector of s outputs, DEA allows to determine the efficiency (h z ) of each DMU (DMU z ) by solving the following linear programming problem: The previous formulation corresponds to the original model developed by Charnes et al. (1978) , known as the CCR model, which assumes that all DMUs operate under constant returns to scale. This assumption was relaxed in the model proposed by Banker et al. (1984) -known as the 1 The DEA model can have two different orientations: a) an output orientation, in which the maximum amount of outputs for a given level of inputs is pursued; b) an input orientation, in which it is pursued to consume the minimum amount of inputs to achieve a given level of outputs. 2 For a review of the DEA approach and its methodological problems, see for instance Färe and Zelenyuk (2002) , Sengupta (2002) , Färe et al. (2004) and Gleason (2005, 2006) . Banker (1993) proved that in large samples the BCC estimator is consistent because the distance between the DEA estimate and the true efficiency score goes towards zero.
The output-oriented BCC model (Banker et al., 1984) to estimate the efficiency of each DMU is given by solving the following linear programming:
s.a.: 
where z is the efficiency score for the DMU z being evaluated, x if is the amount of input i consumed by DMU f, y rf is the amount of output r produced by DMU f, x iz is the amount of input i consumed by the DMU z being evaluated, y rz is the amount of output r produced by the DMU z being evaluated, f is the weight on the inputs/outputs of DMU f and S o and S i are the slacks of the linear programming model.
The optimal value ( z ) of the linear program ranges between 1 and , such that it is equal to 1 for efficient units and higher than 1 for inefficient units. The estimated relative efficiency measure ( z = 1/ z ) varies between 0 and 1. Therefore, a DMU with a relative efficiency measure ( z ) equal to 1 is regarded as efficient whereas if it takes a value of, for example, 0.85 this would imply that the DMU being evaluated will have to increase its output an 15% of the estimated value in the efficient frontier.
RESEARCH DESIGN
Methodology, variables and hypothesis
As efficiency is sector-sensitive, we have splitted our sample of SMEs in several sectors and computed the efficiency of each firm in comparison with the rest of firms in the same sector. After analysing the data, firms were grouped in the following three sectors: a) Manufacturing; b) Service sector and c) Construction. The methodology used in our empirical study is based on three stages. In the first one, we obtain for each year and firm the DEA-based efficiency scores. As in Abad et al. (2006) , the proposed DEA model takes the inputs and outputs that correspond with those of a typical production function (see Table 1 ). output orientation as we are interested in relating our efficiency measure to future earnings. Therefore, our model will be oriented towards achieving the maximum level of revenues for a given level of inputs.
In the second stage, we estimate the following regression models (see Table 2 ) in order to test the incremental predictive ability of our relative efficiency measure over and above current earnings and book value of equity. Variables: NI i,t+1 : Net income of firm i in year t+1; NI i,t : Net income of firm i in year t; BV: Book value of equity for firm i at the end of year t; EFFIC t : Efficiency score of firm i in year t.
The first model includes current earnings and book value of equity as regressors. Regarding the former, there is a huge number of studies that have shown the predictive ability of current earnings for predicting future earnings (e.g., Ball and Watts, 1972; Albretch et al., 1977; Watts and Leftwich, 1977) . Concerning book value of equity, the Ohlson valuation model (1995) shows its usefulness for predictive purposes, being that higher the lower the persistence of current earnings.
In this respect, Shroff (1999) Finally, in the last stage of our study, we validate our models in a holdout sample different to that used in their estimation by computing the differences in earnings forecasted by models (1) and (2) and actual earnings corresponding to our sample of firms for year 2004. In order to assess the forecast accuracy of both models, we compute the mean absolute percentage error, whose formulation is shown on Table 3 . This measure has two advantages. First, as forecast errors are taken in absolute value, it avoids negative and positive errors to compensate each other. Second, it
is not sensitive to scale as errors are divided by the actual value of the forecasted variable. Once we have computed the mean absolute percentage error, we examine whether the differences in the forecast errors derived from models (1) and (2) are statistically significant by applying the non-parametric Wilcoxon signed-rank test, which is appropiate when the distribution of the errors departs from normality.
Sample
Data used in our study are obtained from the database SABI. We have chosen small and medium-sized firms (SMEs) with the legal form of public or limited liability companies 3 . The sample period ranges from 1999 to 2003, including additionally the year 2004 in order to validate our models. To ensure reliability of our data, we include only SMEs with a favourable audit report.
As a result of the previous filters, our sample comprises 1939 SMEs and a total of 7756 firm/year observations for our four-year estimation period. Table 4 reports the descriptive statistics of our regressors (i.e., earnings, book value of equity and efficiency) for each of the three sectors and also for the aggregate sample. As it can be observed, the mean efficiency scores are quite similar across sectors, ranging from 81.7% for the manufacturing sector to 85.4% for the service sector. The mean efficiency value for the pooled sample is 83.6%. Table 5 shows the correlation matrix among the regressors. It can be observed that our efficiency measure is not highly correlated with both current earnings and book value of equity in the three sectors. Specifically, for the pooled sample, that correlations are 0.39 and 0.17, respectively. Hence, we can assert that the information captured by our efficiency measure is not already contained in both current earnings and book value of equity, avoiding any collinearity problem.
4.RESULTS
Cluster analysis
In order to get a first approximation of descriptive nature on the relationship between our efficiency measure and future earnings for our sample of Spanish SMEs, we have performed a kmeans cluster analysis. Specifically, for each of the three sectors and for the pooled sample, we have identified three clusters based on the current value of the efficiency measure (EFFIC t ). Then, we compute for each cluster the mean value of next-year's earnings (NI t+1 ) and, finally, we perform the Kruskal-Wallis test in order to examine whether the differences in the mean value of next-year's earnings across the three clusters are statistically significant. Results from this cluster analysis are reported on Table 6 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 8 As can be shown on Table 6 , in the three sectors the higher the value of efficiency in the current period the higher the value of next-year's earnings. For cluster 1, comprised by those observations with the lowest values of the efficiency measure (0.718 for the aggregate sample), the mean value of next-year's earnings is 261.17 millions euros. On the contrary, in cluster 3, comprised by those observations with the highest values of the efficiency measure (0.956 for the aggregate sample), the mean value of next-year's earnings is 949.51 millions euros. The KruskalWallis test evidences that the differences in the mean value of next-year's earnings across the three clusters are statistically significant at the 1% level for the three sectors and also for the aggregate sample. Table 7 reports the results for the pooled sample period (1999) (2000) (2001) (2002) (2003) regarding the estimation of the two earnings prediction models (1) and (2) for the three sectors and for the aggregate sample. It can be observed that, as hypothesised, our efficiency measure is positively and significantly associated with next-year's earnings. The F-test indicates that efficiency has an incremental explanatory power over and above current earnings and book value of equity for predicting next-year's earnings in the three sectors (manufacturing, services and construction). For the pooled sample, the F-test is statistically significant at the 1% level (p-value=0.00). This finding corroborates our main hypothesis, i.e., the more efficient firms in the use of available resources -as compared to the rest of firms in the sample-have higher earnings in the following period than less efficient firms.
Estimation results
Validation results
In the predictive ability studies the relevant test is the validation of the models in a holdout sample different to that used in their estimation. In this respect, our hypothesis is as follows: The
model including our efficiency measure (model 2) predicts more accurately next-year's earnings than the model that only includes current earnings and book value of equity (model 1).
We first compute the differences in earnings forecasted by models (1) and (2) and actual earnings corresponding to our sample of firms for year 2004. In order to assess the forecast accuracy of both models, we compute the mean absolute percentage error. indicates that the differences between the forecast errors of both models are statistically significant (p-value= 0.0001 for the pooled sample).
CONCLUDING REMARKS
Research on earnings prediction has documented that the transitory component of current earnings makes that figure less useful for predicting future earnings (e.g., Brooks and Buckmaster, 1976; Beaver and Morse, 1978) . The implication of this finding is that a measure that better captures the underlying persistent component of earnings might prove very useful in predicting future earnings when used along with current earnings. Our study, based on a large sample of 1939 Spanish SMEs, investigates whether an alternative mesure of performance ignored in previous research on earnings forecasting -i.e, relative efficiency-has predictive ability over and above current earnings and book value for predicting future earnings. Relative efficiency captures the inherent ability of a firm to make the most productive use of available resoureces as compared to the rest of firms in the sample. In order to measure the relative efficiency of our sample firms we use the Data Envelopment Analysis (DEA) non-parametric technique.
Our findings highlight that our efficiency measure has an incremental predictive ability over and above current earnings and book value of equity for predicting future earnings in the three sectors considered (manufacturing, services and construction). Moreover, we have further validated the models in a holdout sample and our results evidence again in the three sectors the highest forecast accuracy of the model that includes our efficiency measure as an additional predictor to current earnings and book value of equity. Therefore, our research suggest the usefulness of relative efficiency to capture the persistent component of earnings and, as a result, support its inclusion as an additional predictor in earnings forecasting models. 
